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An alternative retrieval algorithm can be of assistance to
validate retrieval algorithm and its products and to know if

retrievals reach the instrument potential.

Introduction…

V5
or
V6

LaRC
or

others



Equivalent Spatial Resolution Needed
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LaRC Cloudy Algorithm
(global training) using AIRS
original radiance (1x1 FOV).

LaRC Clear Algorithm
(regional training) using AIRS
V4 CC Radiance (3x3 FOVs).

ECMWF doesn’t have a spatial
resolution needed for precisely

validating AIRS retrievals.

AIRS Case 2004.09.08 Granule 011 (relative humidity field)



• LaRC Retrieval Algorithm Introduction
• AIRS and IASI Retrieval Demonstration
• AIRS and IASI Inter-comparison using LaRC Retrieval Algorithm
• AIRS V5 and LaRC Retrieval Inter-comparison
• Validation with Dropsonde and Radiosonde
• Summary, Future Work, and Suggestion
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Outline



PART A: REGRESSION RETRIEVAL (Zhou et al., GRL 2005)
Using an all-seasonal-global training database to diagnose 0-2 cloud layers from training relative

humidity profile:
A single cloud layer is inserted into the input training profile. Approximate lower level cloud using
opaque cloud representation.

Use parameterization of balloon and aircraft cloud microphysical data base to specify cloud effective
particle diameter and cloud optical depth:

Different cloud microphysical properties are simulated for same training profile using random
number generator to specify visible cloud optical depth within a reasonable range. Different habitats
can be specified (Hexagonal columns assumed here).

Use LBLRTM/DISORT “lookup table” to specify cloud radiative properties:
Spectral transmittance and reflectance for ice and liquid clouds interpolated from multi-dimensional
look-up table based on DISORT multiple scattering calculations.

Compute EOFs and Regressions from clear, cloudy, and mixed radiance data base:
Regress cloud, surface properties & atmospheric profile parameters against radiance EOFs.

PART B: 1-D VAR PHYSICAL RETRIEVAL (Zhou et al., JAS 2007)
A one-dimensional (1-d) variational solution with the regularization algorithm (i.e., the minimum

information method) is chosen for physical retrieval methodology which uses the regression
solution as the initial guess.

Cloud optical/microphysical parameters, namely effective particle diameter and visible optical
thickness, are further refined with the radiances observed within the 10.4 µm to 12.5 µm window
region.

LaRC Single FOV Retrieval Algorithm
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LaRC Single FOV Retrieval Algorithm



Global Training for LaRC Algorithm
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Channel Used in LaRC Retrieval Algorithm
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AIRS: 1526 channels for regression, 943 channels for physical retrieval

IASI: 5008 channels for regression, 1697 channels for physical retrieval



LaRC Retrieval Demo with IASI: Cloud & Surface
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Surface Properties:

Cloud Parameters:

Cloud Top
Height

Cloud
Optical
Depth

Cloud
Particle

Diameter

Surface
Emissivity
@ 12 µm

Surface
Emissivity
@ 11 µm

Surface Skin
Temperature



LaRC Retrieval Demo with IASI: RH Horizontal
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LaRC Retrieval Demo with IASI: RH Vertical
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LaRC IASI Regression vs. Physical Retrieval
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Statistical Regression Retrieval: RH(%)

Physical Retrieval: RH(%)

The retrieval improvement based on the EOF statistical regression through
physical iteration is only contributed by IASI measurements as the minimum
information methodology used. A high resolution atmospheric structure is
captured very well by IASI measurements (retrievals); not only in the
troposphere but also in the boundary layer.



Comparison between IASI and AIRS
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IASI LaRC Retrieval: 
101 vertical grid & IASI 1x1 FOVs

AIRS V5 Retrieval: 
101 vertical grid & AIRS 3x3 FOVs



IASI LaRC Retrieval: 
101 vertical grid & IASI 1x1 FOVs

Why they are different?

1. Different Instruments (e.g., spectral resolution, noise level).
2. Different Obs. Location and Times (i.e., IASI@15:45UTC,

AIRS@19:30UTC).
3. Different Resolutions (e.g., vertical and horizontal).
4. Different Retrieval Algorithms.
5. others...?
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AIRS V5 Retrieval: 
101 vertical grid & AIRS 3x3 FOVs



Difference between the Algorithms
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AIRS V5 Retrieval: 
101 vertical grid & AIRS 3x3 FOVs

AIRS LaRC Retrieval: 
101 vertical grid & AIRS 3x3 FOVs



Difference between the Horizontal Resolution
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AIRS LaRC Retrieval: 
101 vertical grid & AIRS 1x1 FOVs

AIRS LaRC Retrieval: 
101 vertical grid & AIRS 3x3 FOVs
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Difference between IASI and AIRS & their Obs.

AIRS LaRC Retrieval: 
101 vertical grid & AIRS 1x1 FOVs

IASI LaRC Retrieval: 
101 vertical grid & IASI 1x1 FOVs
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IASI LaRC Retrieval: 101 vertical grid & IASI 1x1 FOVs

AIRS V5 Std Retrieval: 101 vertical grid & AIRS 3x3 FOVs AIRS LaRC Retrieval: 101 vertical grid & AIRS 3x3 FOVs

AIRS LaRC Retrieval: 101 vertical grid & AIRS 1x1 FOVs

AIRS vs. IASI    &    V5 vs. LaRC (RH Vertical)

Same Instrument, Different Algorithms

Different Instruments, Same Algorithm

Different Resolution, Same Algorithm
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AIRS V5 Std Retrieval: 101 vertical grid & 3x3 FOVs AIRS LaRC Retrieval: 101 vertical grid & 1x1 FOVs

AIRS V5 vs. LaRC (RH Horizontal)
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AIRS V5 Std Retrieval: 101 vertical grid & 3x3 FOVs AIRS LaRC Retrieval: 101 vertical grid & 1x1 FOVs

AIRS V5 vs. LaRC (ΔTemp Horizontal)



LaRC Retrieval Demo with AIRS: Cloud & Surface

Dan Zhou @ AIRS Science Team Meeting; April 15–17, 2008 

Surface Properties:

Cloud Parameters:



LaRC Retrieval Demo with AIRS: RH Horizontal
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LaRC Retrieval Demo with AIRS: RH Vertical
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LaRC AIRS Regression vs. Physical Retrieval
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Statistical Regression Retrieval: RH(%)

Physical Retrieval: RH(%)

The retrieval improvement based on the EOF statistical regression through
physical iteration is only contributed by AIRS measurements as the minimum
information methodology used. A high resolution atmospheric structure is
captured very well by AIRS measurements (retrievals); not only in the
troposphere but also in the boundary layer.



Preliminary Case study with AIRS V5 is inter-compared between AIRS and
IASI using two different retrieval approaches.

Coincident dropsondes during the IASI and AIRS overpasses at the same
locations are used to validate atmospheric conditions.

Full resolution retrievals from IASI and AIRS are very similar, however, IASI
retrieval seems smoother than AIRS (this might be due to a lower spatial
resolution of IASI and/or a “higher” retrieval noise level with AIRS).

Further inter-comparison between AIRS and IASI with other cases will be
performed to provide more-definitive conclusions.

The benefits of this retrieval validation approach with different retrieval
algorithms and instruments are demonstrated.

AIRS data will be interoperated to IASI FOV for co-located inter-comparison to
minimize geophysical location difference.

Case studies such as this (i.e., use LaRC retrieval algorithm) can be used in
validating upcoming AIRS V6 prior to V6 releasing.

Continue to work with EUMETSAT to improve and to validate IASI operational
products.
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Summary and Future Work…
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AIRS and IASI RH Distributions (2007.04.29)

IASI @ 15:45 UTCAIRS @ ~19:30 UTC



AIRS vs. IASI (for retrieval noise comparison?)
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AIRS LaRC Retrieval: AIRS 1x1 FOVs IASI LaRC Retrieval: IASI 1x1 FOVs



Comparison between IASI and AIRS
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